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abSTracT
Illegal pedestrian crossing situations at signalized intersections are observed worldwide. The main goal 
of this study was to observe attributes and determine the proportion and type of pedestrian violations 
and dangerous crossing situations at a traffic light located in a recreational tourist urban environment, 
i.e. the beach town of Viareggio on the coast of Tuscany, Italy.
a large signalized intersection placed close to the beach was observed for some days in Summer 
2015, for several hours, both in the morning and in the afternoon, to collect data. The main aim was to 
identify the illegal pedestrian crossing behaviour with red traffic light.
Pedestrian crossing data were recorded with a video camera. Then, the video data were processed us-
ing a semi-automated software self-written in MaTlab to extract information on different pedestrian 
factors.
Some factors, identified in the current literature as having an influence on the proportion of viola-
tions, such as age, sex and group size, were analysed. furthermore, the impact of the amber length time 
on the proportion of dangerous performed crossings was studied. The obtained results highlight that 
pedestrians in a recreational tourist environment are generally more in compliance with traffic light than 
those in a weekday urban context. It is also important to pay particular attention to pedestrian yellow 
time (amber steady man) in order to avoid dangerous legal crossings. In fact it was often observed that 
pedestrians start to cross on the green walking man but end under the red light.
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1 INTrODucTION
every day people have to cope with road crossing, which is also a potentially dangerous 
activity. During last decade in Italy, more than 17%–18% out of the yearly total road traffic 
fatalities were pedestrians (fig. 1). Most pedestrian road accidents happen when pedestrians 
are crossing the road, rather than walking or standing alongside the road [1].
at road crossings, pedestrians attempt to cross the road when they perceive a safe gap in 
traffic, but they also attempt to cross quickly. however, if the traffic light at a crossing is red 
for pedestrians, then a quick crossing is no longer safely possible which results in a trade-off 
between speed and risk [2]. Individuals who are willing to accept a higher risk will cross even 
when the light is red, whereas others may decide to wait [3].
Many studies have concluded that about 25% of the pedestrians cross the streets illegally 
[4]. Keegan and O’Mahony [5] reported that 35% of the pedestrians cross during the red 
light phase. The decision to cross by a pedestrian has been shown to be subject to a range of 
 factors. children in a simulated road crossing miss safe gaps in traffic to cross more often 
than adults [6]. rosenbloom [7] found the longer waiting time in red light phase increases the 
possibility of a pedestrian crossing the street with red traffic light.
In a study of pedestrian crossings in Israel, males were more likely to cross than females 
when the pedestrian traffic light was red, and the pedestrians may also be affected by the 
behaviour of others at road crossings [8]. furthermore, bunghum et al. [9] found that 
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pedestrians who were eating, drinking, talking or wearing headphones were less vigilant than 
individuals who were not performing these activities. a pedestrian’s crossing decision has 
also been shown to be influenced by the environment. himanen and Kumala [10] found that 
when a vehicle moved towards a road crossing, a pedestrian was more likely to continue to 
wait at a crossing (as opposed to starting to cross); it is the same if the vehicles were moving 
at a relatively high speed, if the number of vehicles was relatively high or if the crossing was 
relatively wide. Wang et al. [11] concluded that when the delay is high, pedestrians are likely 
to violate the signal. Many field observations show that most pedestrians searched for traf-
fic gaps and crossed the street without following the traffic signal indications. furthermore, 
pedestrian intervals should be adjusted to the vehicle crossing phase, based on the rule that 
no conflicting phase should be on together.
finally, non-compliance behaviour with signals at intersections is fairly generalized on a 
pedestrian side, and it is important to understand pedestrian crossing behaviour because it is 
reported as a main factor in many pedestrian crashes. based on the literature, this research 
hypothesizes that an additional factor to compliance behaviour might be the urban context 
and makes observations in a recreational tourist urban environment.
2 MeThODOlOgy
Data collection has been carried out at a signalized intersection located on the main beach avenue 
of Viareggio, a popular tourist location on the coast of Tuscany, Italy, during sunny tourist days 
between 8–12 august 2015. a digital video camera was installed on a roof just in front of the 
four-lane marked crosswalk (12 m length) of the signalized intersection on the main beach 
figure 1: Statistics of road traffic fatalities in Italy in 2014 (Source: ISTaT).
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avenue, Viale carducci, in order to have a complete view of the signal light during pedestrian 
waiting and crossing in both directions (fig. 2). 
Video-recording was done for several hours, both in the morning and in the  afternoon. Data 
were extracted later from videos, first converting images to frames and second processing them by 
a semi-automated software self-written in MaTlab. The video analysis gave information about 
pedestrians’ gender and age  (estimated), whether pedestrians are walking alone or in groups, 
crossing movement (like walking or running or plodding), crossing direction (such as straight or 
diagonal), pedestrians crossing phase light (whether pedestrians cross during green phase or not).
3 reSearch reSulTS
The statistics from the observed data show that overall 289 pedestrians crossed the avenue at 
the signalized intersection (52.2% male, 47.8% females). Dividing them by estimated age, 
we found 62 pedestrians were under 20 years old (21.4%), 128 between 20 and 40 years old 
(44.3%), 87 between 40 and 65 years old (30.1%) and 12 over 65 years old (4.2%). classifi-
cation by age is showed in Table 1. More than three quarters of the pedestrians walk and cross 
in groups of two or more persons (76.5%) and the remaining pedestrians cross alone (23.5%).
figure 2:  aerial (top) and ground level view (bottom) of the research location in Viale  carducci, 
Viareggio, Italy (Source: google earth).
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Table 1: Division by age.
age <20 20–40 40–65 >65
n. 62 (21.4%) 128 (44.3) 87 (30.1%) 12 (4.2%)
The kind of crossing could be divided into two types: most of the pedestrians cross the street in 
the shortest straight line (82.4%), while some of them follow a longer diagonal trajectory (17.6%).
In the sample observed, most of the 289 pedestrians (87.2%) walked properly while 
 crossing the street, instead of running (3.1%) or plodding (9.7%), which was mainly due to 
pushing a trolley, taking a dog by a leash, holding a child in a hand, or any other impediment. 
These three different ways of walking are summarized in Table 2.
3.1 red light violations
Pedestrians commit a dangerous violation when crossing during the red phase (red steady man).
Observation analysis shows that most of the pedestrians cross in compliance with traffic 
signals (Table 3). actually, 259 pedestrians (89.6%) start to cross on the green light, and 147 
(50.9%) finish on green while 90 (31.1%) finish on yellow interval. In the observed sample of 
Viareggio, the number of pedestrians who start to cross the street during red light is 11 (3.8%).
The results highlight that the pedestrians sampled in a recreational tourist context, like Viareg-
gio during summertime, are more compliant with traffic rules than those in large urban context 
during weekdays, such as Paris (france) [12], Volos (greece) [13] and Mumbai (India) [14], 
as shown in several previous researches. Such a comparison is depicted in Table 4 and fig. 3.
Moreover, the low percentage, 3.8%, of red light violations recorded in Viareggio can also 
be compared to other studies reporting that about 35% of the pedestrians cross during the red 
light phase [5].
Table 2: Pedestrians’ ways of walking.
Walk Proper running Plodding
n. 252 (87.2%) 9 (3.1%) 28 (9.7%)
Table 3: Traffic light for approaching and crossing pedestrians.
red green yellow
arrival 156 (54.0%) 109 (37.7%) 24 (8.3%)
Start 11 (3.8%) 259 (89.6%) 19 (6.6%)
finish 52 (18.0%) 147 (50.9%) 90 (31.1%)
Table 4: Pedestrian red light violations in recreational tourist vs urban contexts.
Viareggio Paris [12] Volos [13] Mumbai [14]
n. 289 200 1322 775
Male 47.8% 50% 40% 77%
female 52.2% 50% 60% 33%
Non-red light 96.2% 88.8% 85% 56%
red light 3.8% 11.2% 15% 44%
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3.2 Pedestrians’ crossing compliance
In Italy it is also forbidden to start crossing on the yellow light (amber steady man). It is 
dangerous simply because there is a high probability that crossing finishes after the red light 
appearance. In Viareggio, 19 pedestrians (6.6%) have started to cross while facing the amber 
steady man (yellow interval, Table 3).
There is another dangerous situation, even if legal, when pedestrians start to cross on the green 
light, because they may end the crossing under the red light. This often happens if pedestrians 
start to cross close to the end of the green phase (walking green man) and have a few amber 
time for finishing. Indeed, in the observed intersection of Viareggio, the yellow time of 4 s for 
vehicles was the same for pedestrians, as it is largely used in signalized intersections in Italy.
The extent of the above dangerous situation can be better appreciated by observing the 
values in Table 3: only 11 (3.8%) pedestrians start crossing on red, while 52 (18%) pedestri-
ans finish crossing on red.
Pearson’s chi-square test has been applied to investigate whether there is a significant asso-
ciation between two variables by comparing, under the hypothesis of independence, observed 
values with expected values.
comparison per gender (Table 5) shows no statistically significant difference between male 
and female in non-compliance behaviour (χ
2
 = 0.428 < χ0.05
2
 = 3.841).
comparison of differences in non-compliance behaviour (Table 6) among pedestrians who 
are crossing alone and pedestrians who are crossing in group (i.e., two or more) shows that a 
higher percentage, 11.8%, of non-compliance crossings is recorded for pedestrians who are 
crossing alone, while 9.9% of non-compliance crossings is recorded for pedestrians in group. 
Nevertheless, these differences are not statistically significant (χ
2
 = 0.175 < χ0.05
2
 = 3.841).
Table 5: Non-compliance pedestrians for gender category.
gender Start on red Start on yellow Total
Male 7 (5.1%) 9 (6.5%) 16 (11.6%)
female 4 (2.6%) 10 (6.6%) 14 (9.3%)
figure 3:  Signal rule compliance of pedestrians sampled in Viareggio (Italy) compared to  results 
drawn from previous studies related to large urban contexts.
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as said earlier, there are dangerous situations when crossing finishes after the red light 
appearance. This happens, out of the observed data, for 18.1% of pedestrians crossings in 
straight line and for 17.7% of pedestrians following a diagonal path (Table 7). anyway, the 
differences among crossing paths are not statistically significant (χ
2
 = 0.006 < χ0.05
2
 
= 3.841).
finally, to test if young pedestrians are more prone to violate traffic signals, non-compliance 
behaviour of young pedestrians of 20–40 years old (12.5%) has been compared to non-compliance 
behaviour of adult pedestrians of 40–65 years old (8.1%) (Table 8). but the differences among the 
two age groups are not statistically significant (χ
2
 = 1.069 < χ0.05
2
 
= 3.841).
4 cONcluSIONS
Overall, the results obtained in this study show that pedestrians crossing the street in a tour-
ist context are less prone to traffic light violations than those in a weekday urban situation. 
In fact, a small sample percentage, 3.8% , of pedestrians cross the street during red light; in 
addition to this, there is a percentage of 6.6% who violate the rule (in Italy) of ‘Don’t start 
crossing’ on yellow interval (amber steady man). furthermore, the observed intersection data 
of Viareggio show that the usual rule, largely diffused in Italy, of giving the same yellow time 
to vehicles and pedestrians is wrong; in fact only 11 (3.8%) pedestrians start crossing on red, 
while 52 (18%) pedestrians finish crossing on red.
In the limits of the sample recorded in Viareggio, no statistically significant differences in 
non-compliance behaviour were observed between males and females, pedestrians walking 
alone or in group, pedestrians crossing the road in a straight line or in diagonal path, and 
young and adult pedestrians.
based on the obtained results it should be concluded that in a tourist context any pedestrian 
facing a traffic signal has a non-compliance behaviour simply due to random factors. however, 
as the number of the sampled pedestrians in each one of the above analysed group was often a 
‘small value’ for strict statistical analysis, the related conclusions must be treated with caution. 
Nevertheless, the results of this exploratory study on pedestrians in a tourist environment raise 
some interesting questions to resolve in further research, enlarging the scale of the analysis.
Table 7: Dangerous situations for direction of crossing.
Dir. end on red
Straight 43 (18.1%)
Diagonal 9 (17.7%) 
Table 8: Non-compliance behaviour for different age groups.
age Start on red Start on yellow Total non-compl.
20–40 7 (5.5%) 9 (7.0%) 16 (12.5%)
40–65 2 (2.3%) 5 (5.8%) 7 (8.1%)
Table 6:  Non-compliance behaviour of pedestrians who are crossing alone  
and pedestrians in group.
Ped. comp. Start on red Start on yellow Total non-compl.
alone 5 (7.4%) 3 (4.4%) 8 (11.8%)
group 6 (2.7%) 16 (7.2%) 22 (9.9%)
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